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As  evolutionary  algorithms  became  more  widely  known  and  accepted  in  the 
computational  community,  researchers  began  to  ask  questions  about  the  class  of 
problems  for  which  they  were  best  suited.    The  challenge  was  to  find  a  set  of  test 
problems,  which  were  “hard”  for  traditional  search  and  optimisation  techniques  but 
“easy”  for  genetic  algorithms.    Research  in  this  direction  separated  along  several 
paths.    One  of  the  early  attempts  to  define  what  made  a  problem  hard  was  based  upon 
deceptiveness,  the  idea  that  the  local  structure  of  a  landscape  may  lead  a  hill-climbing 
algorithm  away  from  the  global  optimum  whereas  a  population  based  algorithm  using 
genetic  operators  may  still  succeed  (Goldberg  1993). 
 
The  Royal  Road  problems  are  another  set  of  landscapes  on  which  evolutionary 
techniques  were  expected  to  outperform  traditional  hill  climbing  techniques  (Mitchell, 
Forrest  &  Holland  1992;  Forrest  &  Mitchell  1993;  Mitchell  &  Holland  1993).    These 
problems  exploited  the  fundamental  concept  of  the  building  block  hypothesis  by 
assigning  a  solution  a  fitness  value  according  to  the  number  of  ‘blocks’  of  bits  that 
had  been  assembled  correctly.    The  fitness  landscapes  resulting  from  these  problems 
were  highly  neutral  (although  they  were  not  labelled  as  such  at  the  time).    Any 
mutation  that  did  not  result  in  the  formation  (or  the  destruction)  of  a  block  did  not 
result  in  a  fitness  change.    This  lack  of  feedback  was  thought  to  be  an  impediment  to  a 
hill  climber  because  a  large  number  of  mutations  were  required  to  be  present 
simultaneously  before  a  fitness  increase  was  realised.         
 
In  many  instances  however,  evolutionary  algorithms  performed  worse  on  the  Royal 
Road  problems  than  appropriately  modified  hill-climbing  techniques  (Mitchell  & 
Holland  1993).    One  of  the  problems  for  evolutionary  algorithms  was  that  crossover, 
which  was  assumed  to  play  a  primary  role  in  combining  blocks,  also  had  the 
disruptive  effect  of  dismantling  blocks  before  they  had  become  fixed  in  the 
population.    Another  problem  was  that  many  of  these  test  suites  were  unimodal  (i.e. 
lacking  local  optima).    Hence  they  were  simply  too  easy  for  hill  climbing  variants  to 
solve  –  generally  far  more  efficiently  than  a  population  based  genetic  algorithm.   
More  recently  a  new  model  of  hierarchically  consistent  test  problems  that  exploit  the 
capabilities  of  the  crossover  operator  has  been  proposed  (HIFF  and  related  models, 
Watson,  Hornby  &  Pollack  1998;  Watson  &  Pollack  1999).    Suitable  evolutionary 
algorithms  consistently  outperform  hill-climbing  algorithms  on  these  highly 
multimodal  landscapes,  primarily  because  they  require  that  a  diverse  population  to  be 
maintained  throughout  the  evolutionary  process  in  order  to  prevent  convergence  on  a 
local  optima.   
 
The  class  of  landscape  models  with  which  this  study  is  primarily  concerned  is  the  NK 
landscape  model  (Kauffman  1993,  based  upon  earlier  work  in  Kauffman  and  Levin 
1987).    This  model  was  developed  in  order  to  illustrate  the  fitness  landscapes  that 
result  from  chromosomes  with  varying  degrees  of  epistatic.    The  fitness  contribution 
of  each  gene  in  a  genotype  is  determined  by  itself  and  a  number  of  other  genes  to 
which  it  is  linked.    If  there  are  no  epistatic  interactions,  each  gene  may  be 
independently  optimised  and  the  resulting  landscape  is  smooth.    At  the  other  extreme, 
if  the  fitness  contribution  of  each  gene  depends  on  the  value  of  every  other  gene,  then 
changing  a  single  gene  affects  the  fitness  contributions  of  every  other  gene  and  the 
landscape  is  essentially  random.    In  this  case  it  may  not  be  possible  to  optimise  the 
fitness  contribution  of  every  single  gene  (similar  to  the  property  of  ‘frustration’  in 
spin  glass  systems). 8 
so  the  focus  of  investigation  has  shifted  from  finding  the  “best”  algorithm  to  finding 
the  best  algorithm  for  a  particular  search  space  (see,  for  example,  Sharpe  2000). 
 
Barnett  (2000)  has  argued  that  in  many  cases,  an  iterative  adaptive  walk  by  a  ‘net 
crawler’  will  prove  most  efficient  in  landscapes  containing  neutrality  and  possessing 
the  additional  property  of 
￿ -correlation,  which  applies  to  landscapes  in  which 
networks  with  higher  fitness  values  are  always  accessible  from  the  current  network 
(i.e.  there  are  no  ‘dead  end’  networks  from  which  no  higher  fitness  levels  can  be 
reached).    Studies  of  RNA  folding  landscapes  suggest  that  this  may  occur  in  nature.   
The  Royal  Road  problems  also  fall  into  this  category.   
 
More  understanding  is  required  of  problem  domains  which  do  not  satisfy  this  property 
including  how  this  can  be  determined,  whether  population  based  search  improves 
performance,  and  what  part  (if  any)  recombination  has  to  play  in  evolutionary  search.   
The  neutral  variants  of  the  NK  landscape,  Barnett’s  (1997)  NKp  and  Newman  and 
Engelhardt’s  (1997)  NKq  models,  are  sufficiently  complex  that  they  would  not,  in 
most  cases,  be  expected  to  satisfy  this 
￿ -correlation  property. 
 
A  further  issue  is  that  the  structures  of  the  landscapes  generated  by  these  models  are 
not  yet  fully  understood.    While  the  two  neutral  models  have  been  proposed  to 
account  for  the  same  biological  phenomena,  intuition  suggests  that  they  may  result  in 
landscapes  that  may  have  significantly  different  properties. 
 
The  issues  of  primary  interest  investigated  in  this  study  were:   
 
-  The  qualitative  similarities  and  differences  between  neutral  and  non-neutral 
landscapes; 
-  The  differences  resulting  from  using  the  NKp  and  NKq  implementations  of 
neutrality; 
-  The  comparative  performance  of  population  based  algorithms  and  simple  hill-
climbing  algorithms;  and 
-  The  effects  of  the  various  genetic  operators  such  as  mutation  and  crossover  on 
algorithm  performance. 
-  The  possibility  of  crossover  allowing  greater  population  diversity  to  be 
maintained  across  transitions  between  neutral  layers. 
 20 38 52 
These  results  raise  several  issues  in  relation  to  the  role  of  crossover  in  biological 
populations.    For  example,  it  may  be  plausibly  argued  that  a  population  in  which 
every  fitness  increase  was  accompanied  by  dramatic  genetic  convergence  would  be 
far  more  susceptible  to  invasion  by  parasites  that  evolved  to  exploit  the  dominant 
population  genotype.    By  allowing  diversity  from  a  lower  fitness  population  to  be 
transferred  to  a  higher  fitness  population,  crossover  enables  populations  to  guard  more 
carefully  against  exploitation  by  a  parasite  species.    From  an  evolutionary 
computation  point  of  view,  the  value  of  crossover  lies  in  the  fact  that  it  allows  for  a 
much  greater  level  of  diversity  in  a  population  –  thus  increasing  the  probability  of 
further  fitness  increases  being  discovered.    One  potential  area  for  further  work  could 
be  an  investigation  of  whether  crossover  does  increase  the  rate  at  which  fitness 
increases  are  discovered.    Some  of  the  results  relating  to  rate  of  diversity  growth  and 
the  maximum  level  of  diversity  sustainable  in  a  population  could  also  benefit  from  a 
more  analytic  investigation,  possibly  in  relation  to  existing  models  in  population 
genetics. 56 62 66 